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Summary
Objectives.  —  The  objective  of  this  review  was  to  examine  the  effects  of  dry-land  strength  and
conditioning  (S&C)  training  on  swimming,  and  starts  and  turns  performances.
News. —  S&C  training  is  a  common  practice  in  swimming  aiming  to  enhance  performance  or  to
prevent injuries.  However,  studies  regarding  the  effects  of  S&C  on  swimming  performance  are
scarce; the  inﬂuence  of  age,  gender  or  competitive  level  is  even  scarcer.
Prospects  and  projects.  —  After  a  structured  literature  search,  sixteen  studies  were  includedPlease  cite  this  article  in  press  as:  Amaro  NM,  et  al.  A  systematic  review  on  dry-land  strength  and  conditioning  training
on  swimming  performance.  Sci  sports  (2018),  https://doi.org/10.1016/j.scispo.2018.07.003
in the  current  review.  Of  those,  seven  did  not  report  any  positive  or  negative  effects  on
swimming  performance.  Contrarily,  most  studies  with  positive  effects  were  conducted  with
older swimmers  whereas  maximal  strength  was  the  most  effective  methodology  for  improving
swimming  performance.  S&C  plyometric  training  is  suggested  to  be  the  most  effective  method  to
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improve  starts  and  turns.  Future  Randomized  Controlled  Trials  should  be  conducted  to  explore
the effects  of  S&C  induced  by  age  and  gender,  on  different  swimming  distances  and  techniques,
and long-term  training  effects.
Conclusion.  —  It  is  recommended  that  S&C  training  should  be  based  on  maximal  strength,  ranging
from six  to  twelve  weeks  of  2  to  4  sessions  per  week  (approximately  24  sessions  altogether).  In
each session,  coaches  should  vary  from  2  to  3  sets  and  3  to  5  repetitions,  according  to  prescribed
intensity.  Rest  intervals  should  range  between  2  to  5  minutes  and  the  intensity  should  be  from  80
to 90%  of  1RM.  Particularly  regarding  improving  starts  and  turns,  a  S&C  training  regime  ranging
from 6  to  8  weeks  and  with  2  sessions  per  week  is  suggested.  In  each  session,  swimmers  should
perform between  1  and  6  sets  and  1  and  10  repetitions,  according  to  the  established  intensity.
Rest between  sets  should  range  from  60  to  90  seconds.  The  swimmers  in  the  included  studies
are mostly  men  which  do  not  allow  to  say  if  the  recommendations  made  are  gender-dependent.
© 2018  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Objectifs.  —  L’objectif  de  cette  révision  a  été  d’examiner  les  effets  de  l’entraînement  de  force
à sec  sur  les  performances  de  nage,  départs  et  virages.
Actualités.  —  L’entraînement  de  force  à  sec  est  une  pratique  commune  en  natation  et  a  pour  but
d’augmenter  la  performance  ou  de  prévenir  les  blessures.  Pourtant,  les  études  sur  les  effets  de
ce type  d’entraînement  sur  la  performance  de  nage  restent  encore  peu  nombreux  ;  l’inﬂuence
de l’âge,  le  genre  ou  le  niveau  compétitif  sont  des  questions  encore  moins  abordées.
Perspectives  et  projets.  —À  la  suite  d’une  recherche  structurée,  quinze  études  furent  incluses
dans cette  révision.  Parmi  celles-ci,  sept  concluaient  l’absence  d’effet,  positif  ou  négatif,  sur
la performance  de  nage.  En  revanche,  en  ce  qui  concerne  les  études  qui  mettent  en  avant
les effets  positifs  sur  la  performance,  l’entraînement  de  force  maximum  fût  la  méthodologie
la plus  performante,  pour  la  plupart,  chez  les  nageurs  les  plus  expérimentés.  L’entraînement
plyométrique  apparaît  comme  la  méthodologie  la  plus  performante  pour  améliorer  la  perfor-
mance des  départs  et  des  virages.  Les  études  futures  devraient  être  menées  pour  explorer  les
effets de  l’entraînement  de  force  induits  par  l’âge  et  le  sexe,  sur  les  différentes  distances  et
techniques  de  natation  et  les  effets  d’entraînement  à  long  terme.
Conclusion.  —  Il  est  conseillé  que  l’entraînement  de  force  à  sec  repose  sur  la  force  maximum,
durant une  période  variant  entre  6  et  12  semaines  avec  2  ou  4  sessions  hebdomadaires.  Pour
chaque session,  les  entraîneurs  doivent  réaliser  entre  2  ou  3  séries  et  entre  3  ou  5  répétitions  par
série, tout  en  respectant  l’intensité  requise.  Les  intervalles  de  récupération  doivent  avoir  une
durée variable  qui  se  situe  entre  2  et  5  minutes,  tandis  que  l’intensité  devraient  se  situer  entre
les 80  et  les  90%  de  1RM.  Concernant  l’amélioration  des  départs  et  des  virages,  il  est  suggéré  que
l’entraînement  de  force  à  sec  varie  entre  les  6  et  les  8  semaines  avec  2  sessions  hebdomadaires.
Au cours  de  chaque  session,  les  nageurs  sont  tenus  de  réaliser  entre  1  et  6  séries  et  entre  1  et
10 répétions  par  série,  tout  en  respectant  l’intensité  requise.  Les  intervalles  de  récupération
doivent avoir  une  durée  variable  qui  se  situe  entre  60  et  90  secondes.  Les  nageurs  des  études
contemplées  sont  en  majorité  de  hommes  auxquels  on  défend  de  dire  si  les  recommandations
faites varient  selon  le  sexe.
© 2018  Elsevier  Masson  SAS.  Tous  droits  re´serve´s.
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m. Introduction
he  ability  to  apply  force  in  water  is  crucial  in  competitive
wimming  [1—5],  particularly  in  short  distances  events  [6,7].
s  well  as  high  values  of  strength  and  power,  mostly  in  the
pper  body,  have  been  identiﬁed  as  a  determinant  factor  for
uccess  in  competitive  swimming  [8—10]. Dry-land  strength
nd  conditioning  (S&C)  training  can  improve  swimming  per-
ormance  [1,8,9,11—15],  increase  tethered  swimming  forcePlease  cite  this  article  in  press  as:  Amaro  NM,  et  al.  A  systema
on  swimming  performance.  Sci  sports  (2018),  https://doi.org/
8,16]  and  technical  parameters  such  as  increased  stroke
ength  [11,14]  and  stroke  rate  [14].  Therefore,  S&C  train-
ng  is  common  in  swimming  prescription  [17],  being  dry-land
c
s
i&C  an  alternative  to  in-water  procedures,  even  if  its  speci-
city  is  questioned  [18].
Coaches  have  prescribed  S&C  training  programs  for
ecades  to  enhance  swimming  performance  and/or  pre-
ent  injuries  [19—22].  Despite  being  a  common  practice,
ome  coaches  assume  that  S&C  training  can  negatively
ffect  the  swimmer’s  technical  ability  and  consequently
ncrease  drag  forces  [5].  This  is  mostly  due  to  the
uscular  hypertrophy  and  the  decrease  in  ﬂexibilitytic  review  on  dry-land  strength  and  conditioning  training
10.1016/j.scispo.2018.07.003
ommonly  associated  with  S&C  training.  Nevertheless,
everal  improvements  were  associated  with  S&C  train-
ng,  leading  to  an  increase  in  maximum  force,  power
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and  muscular  endurance  and  optimization  of  performance
[5,23].
Studies  examining  the  effects  of  S&C  on  swimming  per-
formance  have  been  conducted  over  the  last  30  years,  but  its
overall  impact  remains  inconclusive  [16,18,24].  While  some
of  these  investigations  showed  improvements  in  swimming
starts  and  turns,  and  25  m,  50  m,  400  m  freestyle  swimming
races  [1,8,9,11—15],  others  did  not  [10,16,18,24—27]. The
transferability  of  dry-land  S&C  gains  to  swimming  perfor-
mance  remains  unclear  and  it  is  suggested  to  be  a  crucial
factor  for  the  absent  of  positive  results.
The  success  of  a  S&C  program  depends  on  several  factors
such  as  the  type  of  training,  methods,  materials,  periodiza-
tion,  and  swimmers’  maturation  or  competitive  level.  The
optimal  combination  of  these  factors  requires  clariﬁcation
and  further  investigation.  In  fact,  few  studies  have  focused
on  youth  swimmers  [1,9,10,13,16,26],  perhaps  because  of
ethical  issues  [28].  Nevertheless,  S&C  and  in  waterpower
output  seem  to  have  a  determinant  inﬂuence  on  youth  swim-
mers’  performance  and  should  be  part  of  their  training  [29].
Hence,  scientiﬁc  research  has  not  reached  a  consensus
on  the  methodologies  and  beneﬁts  of  S&C  training  programs
in  swimming.  The  variability  of  research  designs  (e.g.  proto-
cols,  outcomes  selected,  swimming  events,  and  swimmers’
competitive  level)  makes  it  difﬁcult  to  compare  data  and
come  to  practical  conclusions.  Therefore,  the  purpose  of  the
present  study  was  to  examine  possible  effects  of  S&C  train-
ing  on  swimming  performance,  as  well  as  on  starts  and  turns
performances.  A  systematic  review  was  done,  summarizing
evidence  related  to  the  effect  of  S&C  training  on  swimming
performance.  We  are  aware  that  the  reduced  number  of
studies  conducted  within  this  subject,  associated  to  the  lack
of  investigations  with  both  sex,  different  ages,  as  well  as
more  swimming  techniques  and  distance  could  be  an  issue
to  clearly  state  a  hypothesis.  Nevertheless,  we  hypothesized
that  S&C  training  will  help  swimmers  to  improve  swimming
velocity  and  starts  and  turns  performance.
2. Methods
2.1.  Literature  search
An  extensive  literature  search  was  conducted  to  identify
studies  from  January  1st,  1985  until  December  31st,  2017
in  which  S&C  training  programs  effects  on  swimming  were
investigated.  This  was  done  through  computer  searches
(ISI  Web  of  Knowledge,  PubMed,  Scopus  and  SPORTDiscus)
using  the  keywords  ‘‘swimming’’,  ‘‘swimmer’’,  ‘‘swim’’,
‘‘strength  and  conditioning’’,  ‘‘strength’’,  ‘‘strength
training’’,  ‘‘weight  training’’,  ‘‘resistance’’,  ‘‘dry-land’’,
‘‘performance’’  and  ‘‘longitudinal’’,  with  multiple  combi-
nations.  In  addition,  the  bibliographies  of  the  located  studies
were  extensively  searched  and  cross-referenced.  Those  arti-
cles  with  restricted  full  text  online  were  found  in  hardcopy
form  in  library  archives.
Studies  selected  for  this  review  fulﬁlled  the  following
selection  criteria:Please  cite  this  article  in  press  as:  Amaro  NM,  et  al.  A  systema
on  swimming  performance.  Sci  sports  (2018),  https://doi.org/1
• the  studies  were  written  in  English;
•  they  were  published  in  a  peer-reviewed  journal;
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 they  contained  research  questions  on  the  effects  of  S&C
training  programs  on  competitive  swimming;
 the  main  outcome  reported  was  a  performance  measure
(e.g.  time  or  velocity);
 healthy  human  participants  were  used.
Review  articles  (qualitative  review,  systematic  review,
nd  meta-analysis)  were  not  considered.  The  included  stud-
es  focused  on  longitudinal  interventions  in  S&C  training  on
ompetitive  swimming.  Studies  based  on  other  populations
e.g.  paralympic  swimmers)  were  excluded.  Studies  that  did
ot  present  a  complete  description  of  their  methods  and/or
esults  were  excluded.
Our  initial  search  identiﬁed  361  studies.  After  reading  the
itles  and  abstracts,  sixteen  articles  were  chosen  for  further
nalysis  (Tables  1  and  2).  Of  these,  four  studies  focused  on
he  effects  of  S&C  training  programs  interventions  on  starts
nd  turns  performance  and  twelve  studies  on  overall  swim-
ing  performance.  Those  that  were  clearly  not  relevant  or
id  not  meet  inclusion  criteria  were  eliminated  (Fig.  1).
.  Results
ables  1  and  2  show  the  purpose,  sample  characteristics,
&C  training  program,  swimming  performance  measured  and
elevant  ﬁndings.  Several  investigations  showed  improve-
ents  in  25  m  [14],  50  m  [1,11,14,15]  and  400  m  [8]  freestyle
wimming  performance,  in  stroke  length  [11,14],  in  stroke
ate  [14],  in  starts  [9]  and  turns  [13]  performance.
Concerning  samples,  8  in  16  studies  did  not  randomly
llocate  subjects  to  group  [8,10,12,14,18,24—26].  Other
nvestigations  did  not  include  a  control  group  [12,27].
amples  size  ranged  from  7  [1]  to  38  subjects  [26],
ith  the  age  of  participants  being  around  16  years  old
16.4  ±  3.1  years).  Seven  studies  assessed  adolescent  sub-
ects  [2,9,13—16,27],  six  studies  were  conducted  with
oung  adults  [8,11,12,18,24,25]  and  only  three  studies
ssessed  prepubescent  swimmers  [1,10,26].  In  terms  of
ender,  only  one  study  focused  exclusively  on  female  swim-
ers  [24],  while  nine  studies  evaluated  male  swimmers
1,9,12,14,16,18,24,25,27].  The  remaining  were  conducted
ith  mixed  samples,  coupling  male  and  female  subjects
2,8,10,13,15]  and  only  one  compared  the  gender  effect  [8].
The  intervention  programs  varied  between  four  and
wenty-four  weeks,  with  six  weeks  being  the  most  cho-
en  length  (n  =  4).  The  frequency  of  sessions  per  week  was
etween  2 and  4,  and  from  30  to  60  min  per  session.  Vol-
me  per  session  varied  between  10  and  36  repetitions.  Sets
aried  from  2  to  3  sets  per  session.  In  studies  using  time
nstead  of  number  of  repetitions,  the  length  of  exercise  exe-
ution  varied  from  10  to  120  seconds,  with  2  to  6  sets  per
ession.  Intensity  was  expressed  as  a  %  of  1RM,  ranging  from
0  to  100%  of  1RM  +  1  kg.  Some  studies  reported  an  inten-
ity  of  exercises  from  1  to  7  kg  while  others  did  not  present
ntensities  at  all.
Weight  lifting  equipment  was  the  most  common  mate-
ial  used  [2,8,10—12,15,18,25,27].  Free  weights  were  usedtic  review  on  dry-land  strength  and  conditioning  training
0.1016/j.scispo.2018.07.003
n  three  studies  [14,18,24]  and  bodyweight  exercises  were
sed  in  seven  studies  [1,2,9,10,12,13,15,26].  Other  materi-
ls  such  as  medicine  ball  [1,10], ergometer  bicycle  [27]  and
 hydro  isokinetic  ergometer  [16]  were  also  used.
Please  cite  this  article  in  press  as:  Amaro  NM,  et  al.  A  systematic  review  on  dry-land  strength  and  conditioning  training
on  swimming  performance.  Sci  sports  (2018),  https://doi.org/10.1016/j.scispo.2018.07.003
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Table  1  Summary  of  the  studies  concerning  the  inﬂuence  of  S&C  programs  on  swimming  performance.
References  Sample
Characteristics
Dry-land  S&C
intervention
Swimming
performance
Findings  in  experimental
group
Manning  et  al.  [27]  National  level  (  )
Experimental  group
(n  =  7,  16.49  ±  0.81
years)
No control  group
Power  training  (weight
lifting)
9 weeks  (3
sessions/week)
2 sets  ×  highest  reps  in
1  min
Weeks  1—3:  30%;  weeks
4—6: 40%;  weeks  7—9:
50%  1RM
11  exercises
50,  100  and  200  yard
freestyle
50  yard  time:  −0.98  s
100 yard  time:  −0.06  s
200  yard  time:  −1.30  s
Strass [14]  Competitive
swimmers
(n  =  17  ;  n  =  2  )
Experimental  group
(n  =  10,  16.6  ±  1.2
years)
Control  group  (n  =  9,
17.8  ±  3.9  years)
Heavy  explosive
training  with  free
weights
6 weeks  (4
sessions/week)
3 sets  ×  3  reps  at  90%
of  1RM
2 sets  ×  2  reps  at  95%
of  1RM
1 rep  at  100%  of  1RM
1  rep  attempted  at
100%  of  1RM  +  1  kg
Exercise:  elbow
extensions
25  and  50  m  freestyle
Stroke  rate
Stroke  length
25  m  v:  1.83  ±  0.1  to
1.91  ±  0.1  m.s−1**
50  m  v:  1.77  ±  0.08  to
1.81  ±  0.08  m.s−1**
25  m:  55  ±  4  to
53.5  ±  3.4  cycles.min−1*
50  m:  56.7  ±  3.2  to
54.7  ±  3.6  cycles.min−1*
25  m:  2.01  ±  0.24  to
2.16  ±  0.26  m**
50  m:  1.88  ±  0.1  to
2.01  ±  0.24  m**
Tanaka  et  al.  [18] Collegiate  level  (  )
Experimental  group
(n  =  12,  19.17  ±  0.32
years)
Control  group  (n  =  12,
19.50  ±  0.26  years)
General  strength
training  (weight  lifting
and  free  weights)
8  weeks  (3
sessions/week)
3 sets  ×  8  to  12  reps
Exercises:  dips,
chin-ups,  lat  pull
downs,  elbow
extensions,  bent  arm
ﬂys
22.9  m  freestyle
365.8  m  freestyle
Stroke  length
No  values  reported
No  differences  between
groups  for  any  measure
Trappe &  Pearson  [24]  Collegiate  level
( ;  n  =  10,  20.1  ±  1.2
years)
Weight  assisted
training  group  —  WAT
(n  =  5)
Free  weight  training
group  —  FWT  (n  =  5)
General  strength
training  (weight  lifting
and  free  weights)
6  weeks  (2
sessions/week)
WAT:  1  set  ×  no  weight,
1  set  ×  13.6  kg,  1
set ×  22.7  kg  (until
failure)
Exercises:  dips  and
pull-ups
FWT:  3
sets/exercise  ×  8—12
reps
Exercises:  elbow
extension  and  ﬂexion,
lat  pull  downs,  bent
arm  ﬂys,  quadriceps
extension,  hamstring
ﬂexion
22.9  m  freestyle
365.8  m  freestyle
Stroke  rate
Stroke  length
No  differences  between
groups  for  freestyle
velocity  in  22.9  m  and
365.8  m
No  observed  changes  in
stroke  rate  and  stroke
length
Please  cite  this  article  in  press  as:  Amaro  NM,  et  al.  A  systematic  review  on  dry-land  strength  and  conditioning  training
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Table  1  (Continued)
References  Sample
Characteristics
Dry-land  S&C
intervention
Swimming
performance
Findings  in  experimental
group
Girold  et  al.  [2]  Regional/national
level
(n  =  21;  10  ,  11  )
Strength  group:  S
(n =  7,  16.5  ±  2.5
years)
Assisted-sprint  group
(n  =  7)
Control  group  (n  =  7,
16.5  ±  1.5  years)
Maximal  strength
(weight  lifting)
12 weeks  (2
sessions/week)
S  group
3 sets  ×  6  reps  at  80%
to  90%  of  1RM
Exercises:  press,
pull-up,  draw  with
barbells,  abdominal,
squat  and  plyometric
jumps
50  m  freestyle
Stroke  length
Stroke  rate
Stroke  depth
50  m  time:  −2.8  ±  2.5%*
1.61  ±  0.11  to
1.59  ±  0.09  m
48.9  ±  4.98  to
50.7  ±  3.71  cycle.min−1
0.86  ±  0.05  to
0.83  ±  0.05  m*
Hong-Sun  Song  et  al.  [12]  National  level  (  )
Experimental  group
(n  =  10;  18.50  ±  2.07
years)
No  control  group
Maximal  strength  and
power  (weight  lifting
and  free  weights)
1st  cycle  —  18  weeks  (4
sessions/week):  10
weeks  max.
strength  +  8
weeks-power
endurance
2nd  cycle  —  20  weeks
(4 sessions/week):  12
weeks  max.
strength  +  8
weeks-power
endurance
Swimming  records  1st  cycle:  10  personal
records,  4  Korean
records,  2  Asian  records
2nd  cycle:  8  personal
records,  4  Korean
records,  2  Asian  records
Aspenes et  al.  [8]  Competitive  level
Experimental  group
(n  =  11,  6  ,  5  ;
17.5  ±  2.9  years)
Control  group  (n  =  9,  2
,  7  ;  15.9  ±  1.1
years)
Maximal  strength
(weight  lifting)
11 weeks  (2
sessions/week)
3  sets  ×  5  max.  reps
Exercises:  lat  pull
downs
50  m  freestyle
100  m  freestyle
400  m  freestyle
Stroke  length
Stroke  rate
50  m  v:  1.73  ±  0.12  to
1.75  ±  0.11  m.s−1
100  m  v:  1.59  ±  0.1  to
1.61  ±  0.1  m.s−1
400  m  v:  1.38  ±  0.16  to
1.4  ±  0.08  m.s−1*
1.68  ±  0.17  to
1.73  ±  0.16  m
0.953  ±  0.090  to
0.930  ±  0.074  Hz
Garrido et  al.  [10]  Competitive  level
Experimental  group
(n  =  12,  8  ,  4  ;
12.0  ±  0.78  years)
Control  group  (n  =  11,
6  ,  5  ;
12.18  ±  0.75)
Power  and  general
strength
Weight  lifting
8 weeks  (2
sessions/week)
2—3 sets  ×  6—8  reps  at
50  to  75%  of  6RM
Exercises:  leg
extension;  CMJ;  CMJ  to
box;  medicine  ball
throws  (1  kg);  bench
press
25  m  freestyle
50  m  freestyle
25  m  v:  6.95%  m.s−1**
50  m  v:  4.77%  m.s−1**
Control  group
25 m  v:  6.44%  m.s−1*
50  m  v:  3.16%  m.s−1*
Girold  et  al.  [11] National  level
Strength  (S)  group
(n =  8,  4  ,  4  ;
21.1  ±  1.4  years)
Control  group  (n  =  8,  4
,  4  ;  24.2  ±  4.6
years)
Maximal  strength
(weight  lifting)
4 weeks  (3
sessions/week)
3 sets  ×  6  reps  at  80  to
90% of  1RM
Exercises:  pull-ups;  lat
pull  downs;  draws  with
pulleys
50  m  freestyle
Stroke  length
Stroke  rate
50  m  v:  2  ±  1.3%*
2.05  ±  0.01  to
2.11  ±  0.01  m*
54.7  ±  4.1  to
55.9  ±  2.7  cycle·min−1
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Table  1  (Continued)
References  Sample
Characteristics
Dry-land  S&C
intervention
Swimming
performance
Findings  in  experimental
group
Sadowski  et  al.  [16]  Competitive  level  (  )
Experimental  group
(n  =  14;  14.0  ±  0.5
years)
Control  group  (n  =  12;
14.1  ±  0.5  years)
Power  (hydro  isokinetic
ergometer)
6  weeks  (3
sessions/week)
6 sets  ×  50  seconds  of
work
Exercises:  hydro
isokinetic  ergometer
25  m  freestyle
Stroke  length
Stroke  rate
25  m  v:  1.3%
Performance:  5.98%
Performance:  −4.3%
Weston et  al.  [15]  National  level
Experimental  group
(n  =  10,  5  ,  5  ;
15.7  ±  1.2  years)
Control  group  (n  =  10,
5 ,  5 ;  16.7  ±  0.9
years)
General  strength
12  weeks  (3
session/week)
2—3
sets  ×  30—120  seconds
hold
10—30
repetitions  ×  3—7  kg
load
Exercises:  prone
bridge;  side  bridge;
bird  dog;  leg  raise;
overhead  squat;  sit
twist;  shoulder  press
50  m  freestyle  50  m  time:  −2.0%;  4.2  to
1.1
90% conﬁdence  interval
Amaro et  al.  [1]  National  level  (  )
Sets/reps  group  (Gr1)
(n =  7,  12.7  ±  0.8
years)
Sets/time  group  (Gr2)
(n =  7,  12.7  ±  0.8
years)
Control  group
(n =  7.12.6  ±  0.8
years)
Power
6  weeks  (2
session/week)
Gr1:  3  sets  ×  6—18  reps
Gr2:  3
sets  ×  10—25  seconds
Exercises:  medicine
ball  throw  down  (1  kg);
CMJ  to  box  (30  cm);
dumbbell  ﬂys  (1.5  kg);
Russian  twist  (3  kg);
push-ups
50  m  freestyle  50  m  time:  33.43  ±  2.83
to 1.65  ±  2.53  s***

2 =  0.616
: male; : female; v: velocity; max: maximal; CMJ: countermovement jump; 2: effect size.
* Indicates P < 0.05.
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*** P < 0.001.
These  S&C  programs  were  implemented  and  their  effects
n  swimming  were  tested  by  analyzing  25  yards  [18,24], 25  m
10,13,14,16],  50  yard  [27],  50  m  [1,2,8,10,11,13—15],  100
ard  [27],  100  m  [8],  200  yard  [27],  400  yard  [18,24]  and
00  m  [8,13]  freestyle  (front-crawl  stroke)  swimming  per-
ormances.  Only  one  investigation  analyzed  the  effects  on
ther  swimming  techniques  [12]  (Tables  1  and  2).
. Discussion
.1.  Effects  of  S&C  on  swimming  performance
ccording  to  agePlease  cite  this  article  in  press  as:  Amaro  NM,  et  al.  A  systema
on  swimming  performance.  Sci  sports  (2018),  https://doi.org/
ost  investigations  until  now  have  been  conducted  with
dolescents  and  young  adults.  In  fact,  only  two  investiga-
ions  [1,10]  focused  on  prepubescent  swimmers.  The  most
m
t
i
tecent  study  reported  improvements  of  2.21%  in  the  50  m
ront-crawl  swimming  time  (*).  Instead,  no  improvements
ere  found  in  the  previous  study  [10]  being  reported  similar
mprovements  in  swimming  velocity  gains  between  exper-
mental  and  control  group  (4.8  vs.  3.2%,  respectively).
he  lack  of  studies  may  be  due  to  ﬁnancial  and  ethical
ssues  [29]  or  the  assumption  by  coaches  that  technical
raining  is  more  important  than  S&C  training  [8,10,28,30].
oaches  usually  assume  that  muscular  hypertrophy  and
onsequent  decreases  in  ﬂexibility  may  affect  the  swim-
er’s  ability  and  increase  drag  forces  [5].  Nevertheless,
uring  the  prepubescent  stage,  muscle  hypertrophy  is  not
elieved  to  be  the  primary  factor  in  strength  improve-tic  review  on  dry-land  strength  and  conditioning  training
10.1016/j.scispo.2018.07.003
ent  [31],  with  neuromuscular  adaptations  identiﬁed  as
he  main  explanation  for  strength  gains  [32,33].  It  is
ndeed  recommended  that  young  athletes  engage  in  resis-
ance  training,  not  only  to  enhance  health,  ﬁtness  and
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Table  2  Summary  of  the  studies  concerning  the  inﬂuence  of  S&C  programs  on  swimming  performance  (starts  and  turns).
References  Sample
Characteristics
Dry-land  S&C
intervention
Swimming
performance
Findings  in
experimental
group
Cossor  et  al.  [26]  Competitive  level
( )
(n  =  38;  11.7  ±  1.16
years)
Experimental
group
Control  group
(n =  19)
Plyometric
20  weeks  (3
sessions/week)
2  sets  ×  10—15
reps
15 exercises  (not
described)
2.5  m  round  trip
5  m  round  trip
50 m  freestyle
2.5  m  time:
3.58  ±  0.39  to
3.32  ±  0.42  s
5 m  time:
7.45  ±  0.72  to
6.94  ±  0.67  s
50 m  time:
38.46  ±  3.36  to
37.51  ±  2.9
No  differences
between  groups
for  any  measure
Breed &  Young  [25]  Non-competitive
(  )
n  =  23;  18.9  years
(s =  1.5)
Experimental
group  (n  =  12)
Control  group
(n =  11)
General  strength
and  power  (weight
lifting)
9  weeks  (3
sessions/week)
2—5 sets  ×  4—10
reps  of
5  RM—10  RM
14 exercises
Flight  distance
Take-off  velocity
Take-off  angle
Total  horizontal
Imp
Horizontal  Imp  of
hands
No  improvements
TS:  3.42  ±  0.3  to
3.48  ±  0.3  m.s−1*
TS:  −13.3  ±  7.4  to
−10.1  ±  5.6**
TS:  198  ±  35.2  to
221  ±  39.0  N.s*
TS:  65.6  ±  32.7  to
94.0  ±  41.2  N.s**
Bishop  et  al.  [9]  Competitive  level
Experimental
group  (n  =  11;
13.1  ±  1.4  years)
Control  group
(n =  11;  12.6  ±  1.9
years)
Plyometric
8  weeks  (2
sessions/week)
1—4 sets  ×  1—5
reps
Intensity:  low  (3
weeks);  medium
(3  weeks);  high  (2
weeks)
19  exercises
Angle  out  of  block
Distance  to  head
contact
Swim  Block  Start
velocity
Time  to  head
contact
Angle  of  entry
Time  to  5.5  m
26.7  ±  7.10  to
34.5  ±  6.43***
1.70  ±  0.19  to
1.83  ±  0.19  m***
1.29  ±  0.18  to
1.48  ±  0.15  m.s−1***
1.32  ±  0.09  to
1.24  ±  0.06  s*
42.3  ±  7.33  to
47.5  ±  3.95*
3.88  ±  0.48  to
3.29  ±  0.47  s***
Potdevin  et  al.  [13]  Competitive
swimmers
Experimental
group  (n  =  12,  5  ,
7 ;  14.3  ±  0.2
years)
Control  group
(n =  11,  5  ,  6  ;
14.1  ±  0.2  years)
Plyometric
6  weeks  (2
sessions/week)
1—6 sets  ×  1—10
reps
Intensity:  height
jump  from  0.21  to
1  m
15  exercises
Gliding  velocity
Gliding
acceleration
50 m  freestyle
400  m  freestyle
2.28  ±  0.19  to
2.41  ±  0  m.s−1*

2 =  0.26
6.80  ±  1.12  to
4.81  ±  0.90  m.s−2**

2 =  1.99
1.29  ±  0.15  to
1.25  ±  0.18  m.s−1*

2 =  0.1
0.96  ±  0.09  to
0.92  ±  0.10  m.s−1*

2 =  0.15
: male; : female; CMJ: countermovement jump; Imp: impulse; TS: track start; 2: effect size.
* Indicates P < 0.05.
**
[Indicates P < 0.01.
*** P < 0.001.
performance,  but  also  to  prevent  sports-related  injuriesPlease  cite  this  article  in  press  as:  Amaro  NM,  et  al.  A  systema
on  swimming  performance.  Sci  sports  (2018),  https://doi.org/1
[32,33].
Studies  conducted  with  adolescent  swimmers  showed
that  the  effects  of  S&C  training  may  not  be  as  clear  as
thought.  Positive  effects  were  reported  in  four  studies
[
v
c
p2,14,15,27]  and  no  inﬂuence  was  reported  in  one  studytic  review  on  dry-land  strength  and  conditioning  training
0.1016/j.scispo.2018.07.003
16]. Within  the  adolescent  age  group,  caution  must  pre-
ail  when  analyzing  results.  Biological  maturity  is  related  to
hronological  age,  and  has  a  major  impact  on  the  physical
erformance  of  youth  athletes  [34].  Nevertheless,  athletic
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Migure  1  Flow  of  information  through  the  different  phases  of
aper selection  for  the  systematic  review.
erformance  may  be  inﬂuenced  not  only  by  training  but
lso  by  growth  and  maturation  [35],  which  can  cause  mor-
hological  and  neural  changes  [36].  Maturity  status  was
ot  provided  in  the  aforementioned  investigations.  There-
ore,  with  subjects  ranging  from  13  to  19  years  old,  and
orphological  characteristics  being  considered  one  of  the
ain  reasons  for  the  differences  in  energetic  proﬁles  after
uberty  [37],  the  results  may  not  be  as  clear  as  expected.
Three  studies  conducted  with  swimmers  after  puberty
eported  positive  effects  [8,11,12]  and  no  effects  were
eported  in  two  other  studies  [18,24].  In  both  investigations
here  no  positive  effect  was  reported,  the  swimmers  com-
eted  in  collegiate  teams.  The  lower  competitive  level  of
hese  swimmers  could  inﬂuence  the  results,  since  the  ener-
etic  and  biomechanical  proﬁles  of  swimmers  were  different
28].  Swimming  performance  depends  on  the  good  relation-
hip  between  bioenergetics  and  biomechanical  parameters
38].  Thus,  the  transferability  of  dry-land  strength  gains  to
wimming  performance  could  depend  on  the  interaction  of
everal  parameters  such  as  strength  (dry-land  and  in-water)
nd  biomechanics  (kinematics  and  kinetic)  [38],  determined
y  competitive  level.
Investigations  have,  so  far,  focused  on  adolescence  and
arly  adulthood.  Investigations  with  age  group  swimmers
ust  be  conducted  as  a  means  of  potentially  enhancing
wimming  performance  not  only  in  the  short  term,  but  also
n  the  long-term,  and  at  different  competitive  levels.
.2.  Effects  of  S&C  on  swimming  performance
ccording  to  gender
s  it  occurs  with  competitive  level,  differences  in  muscu-Please  cite  this  article  in  press  as:  Amaro  NM,  et  al.  A  systema
on  swimming  performance.  Sci  sports  (2018),  https://doi.org/
ar  strength  and  anthropometrics  emerge  between  genders,
articularly  after  puberty  [37,39,40].  However,  there  are
ew  studies  with  samples  separated  according  to  gender.
esults  with  mixed  samples  (male  and  female)  must  be
m
i
i
m PRESS
N.M.  Amaro  et  al.
nalyzed  with  extra  caution  due  to  a  possible  gender  effect.
ven  though  during  prepubescence  strength  improvements
re  quite  similar  between  boys  and  girls  [33],  after  this
eriod  boys  have  a  tendency  to  exhibit  higher  muscle
trength  levels  than  girls  [41,42]. Thus,  coupling  data  from
oth  sexes  in  research  focused  on  S&C  may  be  misleading.
ithin  the  analyzed  studies,  only  one  study  presented  sep-
rated  results  between  females  and  the  whole  group  (male
lus  female)  [8].  However,  7  out  of  9  subjects  were  female
n  the  control  group  and  5  out  of  11  subjects  were  female  in
he  intervention  group,  which  may  have  led  to  heterogeneity
etween  groups.  For  instance,  the  authors  reported  a  signif-
cant  correlation  (r  =  −0.975,  P  <  0.01)  between  strength  and
00  m  swimming  performance  in  the  female  group  but  not
n  the  whole  group  results.  The  authors  also  reported  sig-
iﬁcant  improvement  in  tethered  swimming  force  in  both
he  female  group  and  the  whole  group.  On  the  other  hand,
n  terms  of  swimming  performance,  only  the  whole  group
xperienced  signiﬁcant  improvements  in  the  400  m  freestyle
−4  s  mean).  In  adulthood  differences  in  swimming  per-
ormance  between  genders  tend  to  be  greater  over  short
istances  and  less  over  higher  distances  [18].  Additionally,
hrough  having  more  fat  mass  than  males,  females  can  adopt
 better  body  position,  thereby  increasing  swimming  econ-
my  [37].  By  contrast,  the  remaining  investigations  with
ixed  samples  did  not  present  separated  results,  which  may
ead  to  misleading  results.  Yet,  improvements  in  swimming
ime  were  reported  in  the  50  m  [2,11,15]. Whereas  no  sig-
iﬁcant  differences  between  sexes  were  reported  in  two
nvestigations  [2,11],  Weston  et  al.  [15]  attempted  to  bal-
nce  groups  by  sex  (5  males  and  5  females).  However,  the
esults  of  the  latter  paper  were  coupled  and  so  a  gender
ffect  could  not  be  determined.  The  only  study  that  did
ot  report  positive  effects  was  conducted  with  age  group
wimmers  [10], where  differences  in  swimming  performance
etween  the  sexes  do  not  exist  or  tend  to  be  non-relevant.
evertheless,  the  study  of  heterogeneous  groups  in  inves-
igations  of  swimming  performance  can  lead  to  ambiguous
onclusions  [43,44].
Most  of  these  studies  were  conducted  with  exclusively
ale  samples  [12,14,16,18,24,28].  Of  those  already  men-
ioned,  only  two  reported  improvements  in  swimming
erformance  [12,14].  On  the  other  hand,  there  were  no
nvestigations  conducted  with  an  exclusively  female  sample
p  to  the  date.  Thus,  further  investigations  with  separated
amples  must  be  conducted  in  order  to  draw  conclusions  on  a
ossible  gender  effect.  Yet,  the  available  literature  suggests
 tendency  for  swimming  performance  to  improve  in  inves-
igations  on  the  effects  of  S&C  training  on  mixed  samples.
dditionally,  it  is  also  crucial  to  cross  compare  information
ith  age  and  consequently  with  the  theoretical  maturational
evelopment  of  swimmers.
.3.  Effects  of  S&C  on  swimming  performance
ccording  to  training  protocol
aximal  strength  training  is  the  most  regularly  appliedtic  review  on  dry-land  strength  and  conditioning  training
10.1016/j.scispo.2018.07.003
ethodology  in  S&C  training  programs.  Furthermore,  all
nvestigations  that  have  used  maximal  strength  reported
mprovements  of  between  2  and  4%  in  swimming  perfor-
ance  [2,8,11,12,14].
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Six  weeks  of  S&C  training  with  4  sessions  per  week  using
intensities  from  90  to  100%  of  1RM  showed  gains  of  between
20  and  40%  of  dry-land  muscular  strength  [14]. These  mea-
surements  occurred  in  isometric  conditions  that  may  not  be
related  to  swimming  actions.  Swimming  actions  are  dynamic
and  isometric  testing  may  therefore  represent  a  lack  of
speciﬁcity  [45].  Nonetheless,  dry-land  muscular  strength
gains  allowed  signiﬁcant  improvements  in  swimming  perfor-
mance  over  25  and  50  m  (4.4  and  2.1%,  respectively).  In  this
investigation,  only  the  upper  body  was  exercised  through
elbow  extension  exercises  and  the  use  of  free  weights
through  maximal  strength  S&C  methodologies.  Weight  lift-
ing  equipment  was  used  in  the  remaining  investigations
[2,8,11,12].
S&C  training  (S)  based  on  maximal  strength  was  applied
for  twelve  weeks  (2  sessions  per  week)  and  compared
to  resisted  and  assisted-sprint  (RAS)  training  [11]. These
authors  found  improvements  in  the  50  m  time  of  the  S
(2.8  ±  2.5%)  and  RAS  (2.3  ±  1.3%)  groups  compared  to  the
control  group  (0.9  ±  1.2%).  Improvements  in  muscle  strength
were  more  signiﬁcant  in  the  S  group  than  in  the  RAS  group.
In  contrast,  the  RAS  group  presented  an  increase  in  stroke
rate  in  their  50  m  freestyle  performance.  It  was  suggested
that  the  application  of  S  or  RAS  training  was  more  effective
than  swimming  training  alone.  These  results  were  then  cor-
roborated  by  other  researchers  [8,11].  After  eleven  weeks
(2  sessions  per  week)  of  combining  maximal  strength  train-
ing  and  high  intensity  interval  swimming  training  (HIIT)
the  results  were  positive  in  strength,  tethered  swimming
force  and  400  m  freestyle  performance  [8].  However,  no
improvements  occurred  in  short  distance  performance  (50  m
or  100  m)  and  biomechanical  variables  (stroke  length  and
stroke  rate).  With  the  ability  to  exert  force  in  the  water
a  decisive  factor  over  short  distances  [6,7,17],  it  would  be
of  great  importance  to  clarify  the  lack  of  effect  in  sprint
distances.  Moreover,  the  positive  effects  on  tethered  swim-
ming  and  400  m  freestyle  were  correlated  in  the  female
subjects  of  the  intervention  group.  These  results  appeared
to  suggest  that  in-water  force  exertion  may  be  important  in
middle  swimming  distances  for  female  swimmers.  However,
it  was  not  determined  if  the  positive  effects  in  swimming
performance  were  a  result  of  the  combined  methodologies
or  if  a  crossover  between  HIIT  and  S&C  sessions  occurred.
HIIT  sessions  were  composed  of  4  ×  4  min  of  high  intensity
interval  training.  These  efforts  and  durations  may  be  better
associated  with  the  400  m  improvements.
An  investigation  compared  the  effects  of  a  S&C  program
(S)  with  those  of  an  electrical  stimulation  (ES)  program,  both
combined  with  a  swimming  program,  over  four  weeks,  on
adult  swimmers  [11].  Additionally,  the  authors  tried  to  verify
if  training  effects  lasted  four  weeks  after  the  training  period
ended.  The  S&C  training  sessions  were  performed  3  times
per  week.  The  authors  reported  an  increase  in  swimming
velocity  for  both  S  and  ES  group  (2%  and  1.7%,  respectively),
at  the  end  of  the  four-week  intervention.  Stroke  length  was
increased  only  for  the  S  group.  Improvements  in  swimming
velocity  were  maintained  four  weeks  after  the  end  of  the
program  in  both  groups  and  no  differences  were  reportedPlease  cite  this  article  in  press  as:  Amaro  NM,  et  al.  A  systema
on  swimming  performance.  Sci  sports  (2018),  https://doi.org/1
between  male  and  female  swimmers.  It  seems  that  both
methods  were  more  efﬁcient  in  improving  swimming  velocity
than  swimming  training  alone.  However,  electrical  stimula-
tion  demands  a  higher  investment  from  most  swimming  clubs
a
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han  a  S&C  program.  Yet,  this  investigation  only  analyzed
print  performance  (50  m  freestyle)  in  high-level  swimmers.
urther  investigations  must  be  conducted  with  middle  and
ong  swimming  distances  as  well  as  with  swimmers  operating
t  different  competitive  levels  and  with  varying  amounts  of
wimming  expertise.
Interestingly,  only  four  weeks  and  12  sessions  (18  repeti-
ions  per  session)  were  sufﬁcient  to  verify  a  positive  effect
n  swimming  performance.  This  volume  was  clearly  less  than
hat  reported  by  other  studies:  24  sessions  with  15  repeti-
ions  per  session  [14],  24  sessions  with  18  repetitions  per
ession  [2],  22  sessions  and  15  repetitions  per  session  [8],
nd  72  sessions  in  the  ﬁrst  cycle  of  S&C  training  and  80  ses-
ions  in  the  second  cycle  [12].  This  may  indicate  that  lower
olumes  and  high  intensity  S&C  training  may  induce  less  neu-
omuscular  fatigue  and  therefore  improvements,  leading  to
ubsequent  improved  swimming  performance.
S&C  training  for  a  national  team  of  male  swimmers
18.50  ±  2.07  years)  was  divided  into  two  cycles  applied
ccording  to  the  periodization  of  their  main  competitions
June  and  December)  [12]. The  ﬁrst  cycle  lasted  eighteen
eeks  with  4  sessions  per  week,  emphasizing  peak  mus-
le  strength,  power  and  muscle  endurance  maintenance.
he  second  cycle  lasted  for  twenty  weeks  with  4  ses-
ions  per  week  of  maximal  strength,  power  and  muscle
ndurance  maintenance.  Although  several  dry-land  tests
ere  performed,  no  swimming  tests  were  performed  to
ssess  effectiveness  of  this  S&C  training  program.  Yet,  the
uthors  reported  18  personal  records,  8  Korean  records  and
 Asian  records  in  those  two  main  competitions.  Never-
heless,  there  was  no  statistical  analysis  of  the  inﬂuence
f  the  S&C  training  on  swimming  performance  and  there
as  no  control  group.  Authors  concluded  that  S&C  train-
ng  program  enhanced  muscular  functions  and  swimming
erformance,  nevertheless  with  a signiﬁcant  decrease  in
exibility.  Although  this  was  the  investigation  carried  out
ver  the  largest  number  of  weeks,  the  lack  of  swimming
ests,  some  dubious  procedures  and  reports  (contradic-
ory  information  on  the  number  of  subjects  and  weeks
hroughout  the  text)  necessitates  caution  when  analyzing
ts  conclusions.
It  is  common  to  use  the  1RM  methodology  to  deﬁne  the
xternal  load  of  exercises.  However,  when  analyzing  the
nﬂuence  of  S&C  training  in  short  distances,  where  power
s  crucial  [6,7,46,47], it  is  questionable  whether  1RM  is  the
orce  parameter  with  the  higher  association  with  power.  For
nstance,  the  velocity  with  which  exercises  are  performed
t  is  crucial  to  increasing  the  speciﬁcity  of  S&C  exercises
48]  and  overall  power  output.  S&C  training  based  on  power
generation  of  force  over  a  very  short  period  of  time)  was
pplied  in  three  investigations  [10,16,27]. However,  no  posi-
ive  effects  in  swimming  performance  were  reported  by  any
f  those  investigations.  A  S&C  training  program  based  on
peed  and  explosiveness  (power)  was  applied  to  adolescent
wimmers  (16.49  ±  0.84  years)  [26].  Each  training  session
onsisted  of  11  exercises  (upper  and  lower  body  exerci-
ation),  performed  in  2  sets  of  the  maximum  number  of
epetitions  during  one  minute.  This  was  performed  3  timestic  review  on  dry-land  strength  and  conditioning  training
0.1016/j.scispo.2018.07.003
 week  over  nine  weeks,  using  weight  lifting  equipment  and
n  ergometer  bicycle.  Intensities  varied  from  30  to  50%  of
RM  with  a  progressive  increase  of  10%  every  three  weeks.
lthough  there  were  no  signiﬁcant  differences,  authors
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0  
resented  improvements  of  −0.98  s,  −0.06  s  and  −1.30  s  for
he  50,  100  and  200  yard  tests,  respectively.  In  swimming,
hese  small  improvements  can  be  remarkable,  particularly
n  short  swimming  distances.
A  S&C  program  of  circuit  training  over  six  weeks  (3  ses-
ions  per  week),  comprising  6  sets  of  50  s  exercitation  and
0  s  of  rest  on  a  speciﬁc  hydro  isokinetic  ergometer  device
ach  session,  led  to  improved  tethered  swimming  propelling
orce  but  not  different  values  of  dry-land  strength,  stroke
inematics  and  swimming  performance  (25  m  front-crawl)
16].  In  spite  of  the  effort  to  mimic  underwater  movement,
t  was  concluded  that  S&C  training  was  not  speciﬁc  enough
o  improve  swimming  performance.  Isokinetic  conditions  are
ot  related  to  in-water  actions  that  are  performed  with
ifferent  velocities  along  the  stroke.  It  is  crucial  that  S&C
xercises  and  tests  stimulate  the  muscles  used  in  swimming
nd  that  muscle  tension  be  related  to  in-water  conditions
19].  In  addition,  only  3  swimmers  were  sprinters  (n  =  26),
hich  could  have  inﬂuenced  the  results,  as  swimming  per-
ormance  was  measured  in  a  25  m  front-crawl  test.
Another  study  on  power  training  program  was  applied
n  prepubescent  swimmers  and  combined  dry-land  S&C
raining  and  aerobic  swimming  training  [10].  The  swim-
ing  training  program  was  complemented  with  2  sessions
er  week  of  S&C  training  (bench  press  and  leg  extension,
edicine  ball  throwing  with  1  kg,  countermovement  jump
lone  and  with  a  30  cm  box)  over  eight  weeks.  Although
ry-land  improvements  were  reported,  no  swimming  per-
ormance  improvement  was  found.  The  authors  suggested
hat  swimmers’  competitive  level  could  affect  performance
mprovements.  Yet,  a  detraining  period  (S&C  training  ces-
ation  and  maintenance  of  swimming  training)  of  six  weeks
howed  that,  although  strength  parameters  remained  sta-
le,  swimming  performance  still  improved.  It  is  reasonable
o  wonder  if  swimmers  beneﬁt  from  an  adaption  period  to
&C  gains,  while  performing  swimming  training.  The  lit-
rature  showed  that  there  was  no  risk  of  losing  strength
nd  power  during  short  cessation  periods  of  a  S&C  train-
ng  program  [49,50],  and  the  effect  on  maximal  power  was
maller  than  that  observed  for  maximal  force  [51].  So,  it
eems  reasonable  to  investigate  whether  speciﬁc  in-water
raining  can  be  useful  in  taking  effective  advantage  of  S&C
rogram  improvements,  after  cessation  [10].  This  contin-
ous  stimulation  could  be  the  bridge  between  S&C  gains
nd  swimming  performance.  In  fact,  a  recent  study  with
repubescent  swimmers  [1]  found  improvements  in  50  m
ront-crawl  swimming  time  only  4-week  after  the  end  of
&C  training  program.  Authors  added  a  6-week  S&C  train-
ng  program  to  the  normal  swimming  training  program.  The
rogram  consisted  on  2  sessions  per  week  of  S&C  (medicine
all  throw  down  —  1  kg;  CMJ  to  box  —  30  cm;  dumbbell  Flys
 1.5  kg;  Russian  twist  —  3  kg;  push-ups)  with  two  different
ethodologies.  One  group  performed  exercises  following  a
et/repetition  methodology  with  no  restrictions  on  the  time
f  execution.  The  other  experimental  group  followed  an
xplosiveness  methodology,  where  subjects  had  to  perform
s  many  repetitions  as  they  could  in  a  speciﬁc  time.  Although
ry-land  improvements  were  found  for  both  groups,  noPlease  cite  this  article  in  press  as:  Amaro  NM,  et  al.  A  systema
on  swimming  performance.  Sci  sports  (2018),  https://doi.org/
wimming  improvements  were  reported  at  the  end  of  S&C
raining  program  (6-week).  However,  authors  allowed  a 4-
eek  adaptation  period,  where  swimmers  had  their  normal
wimming  training  only.  After  this  period,  only  the  group  that
t
m
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erformed  the  S&C  training  program  based  on  explosiveness
resented  a  2.21%  improvement  in  50  m  swimming  time.  This
act  may  reinforce  the  importance  of  allowing  swimmers  to
dapt  to  new  dry-land  strength  improvements.  Neverthe-
ess,  further  investigations  with  different  ages,  competitive
evels  and  post-evaluation  periodization  must  be  conducted
o  clarify  this  issue.
Finally,  three  studies  based  their  investigations  on  dif-
erent  protocols  from  those  already  discussed.  S&C  training
ith  weight  lifting  equipment  and  free  weights  was  con-
ucted  over  eight  weeks  (3  sessions  per  week)  [18].  Even
hough  volume  per  session  was  presented  (3  sets  of  8—12
epetitions),  intensity  was  not.  The  authors  only  reported  an
ncrement  of  25—35%  in  the  resistance  used  over  the  eight
eeks  of  S&C.  There  were  no  improvements  in  swimming
erformance  after  the  S&C  training  period,  possibly  due  to
he  overload  of  a  cycle  of  competitions  during  the  S&C  train-
ng.  The  potential  lack  of  control  of  the  load  and  swimming
ompetitions  could  have  jeopardized  results.  However,  the
uthors  concluded  that  the  lack  of  speciﬁcity  of  S&C  train-
ng  in  relation  to  in-water  actions  (swimming)  was  the  main
eason  for  the  absence  of  positive  transferability  of  strength
ains.  These  results  were  later  corroborated  [24]  through
he  comparison  of  S&C  weight  assisted  training  (WAT)  and
&C  free  weights  training  (FWT).  The  investigation  was  car-
ied  out  over  six  weeks  (2  sessions  per  week).  In  every  session
oth  groups  were  instructed  to  reach  volitional  fatigue  (WAT)
nd  exhaustion  (FWT).  No  differences  in  short  (22.9  m)  and
edium  (365.8  m)  distance  swimming  performance  were
ound  between  experimental  groups.  However,  results  from
his  study  may  be  misleading,  since  there  was  no  control
roup  and  groups  were  composed  of  only  a  small  number  of
wimmers  (5  in  each  group).  In  addition,  S&C  training  was
mplemented  over  six  weeks  out  of  a total  of  twelve  weeks
ollow-up,  and  the  evaluation  was  performed  in  weeks  4  and
2.  These  confounding  factors  did  not  allow  for  a consistent
nterpretation  of  results.
Recently,  an  investigation  tried  to  quantify  the  effects  of
n  isolated  core-training  program  on  50  m  front-crawl  [15].
 S&C  program  was  implemented  3  times  per  week  over
welve  weeks  and  included  exercises  which  aimed  to  work
ut  the  lumbopelvic  complex  and  upper  region  extending  to
he  scapula.  Each  session  comprised  isometric  (prone  bridge
nd  side  bridge)  and  dynamic  (bird  dog;  leg  raise;  over-
ead  squat;  sit  twist  and  shoulder  press)  exercises.  Every
wo  weeks,  volume  per  session  was  increased  and  varied
etween  60  s  to  360  s  hold;  30  to  90  repetitions  and  3  to  7  kg
f  load.  A  large  beneﬁcial  effect  on  50  m  swim  time  (−2.0%;
0%  Conﬁdence  interval  −3.8  to  −0.2%)  was  found  after  the
raining  period.  Good  core  stability  is  supposed  to  have  a
ositive  inﬂuence  on  the  efﬁcient  relationship  of  force  pro-
uction  between  upper  and  lower  limbs  [52].  A  question  to
e  raised  relies  on  the  isometric  conditions  of  most  included
xercises  in  S&C  training.  Swimming  actions  are  dynamic
nd  so  it  was  expected  that  swimming  speciﬁcity  could  be
egatively  affected.  To  the  best  of  our  knowledge,  this  is
he  ﬁrst  investigation  on  the  effects  of  S&C  core  training  on
wimming  performance  and  further  investigation  is  needed.tic  review  on  dry-land  strength  and  conditioning  training
10.1016/j.scispo.2018.07.003
In  a brief  analysis,  it  seems  that  maximal  strength  is
he  most  effective  methodology  for  improving  performance,
ainly  in  short  distances.  However,  different  low-volume
raining  programs  seem  to  induce  positive  effects.  In
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S&C  and  swimming  performance:  A  systematic  review  
adolescent  swimmers,  S&C  training  ranging  from  six  to
twelve  weeks  and  with  2  to  4  (approximately  24  sessions)
sessions  per  week,  is  suggested  to  improve  swimming  perfor-
mance.  In  adulthood  and  at  a  high  competitive  level,  a  S&C
training  program  of  four  weeks  (3  sessions  per  week)  is  sug-
gested  to  improve  swimming  performance.  In  each  session,
the  volume  should  vary  from  2  to  3  sets  of  3  to  5  repetitions,
according  to  the  chosen  level  of  intensity.  Rest  intervals
should  vary  between  2  to  5  minutes.  Concerning  the  inten-
sities,  high  velocities  and  loads  ranging  from  80  to  90%  of
1RM  are  associated  with  improvements.  Nevertheless,  there
should  be  caution  when  applying  S&C  programs  near  compe-
titions  or  over  high  volumes  of  swimming  training,  in  order
to  avoid  overreaching  and  overuse  injuries.  S&C  based  on
maximal  strength  requires  adjustments  in  swimming  to  avoid
overloading  of  the  peripheral  and  central  fatigue  mecha-
nism  [53].  Most  of  the  studies  reporting  improvements  used
weight  lifting  equipment  that  may  not  be  affordable  for
many  swimming  clubs  due  to  ﬁnancial  constraints.  With
regard  to  prepubescent  swimmers,  there  were  contradictory
results  regarding  effects  in  swimming  performance  associ-
ated  with  S&C  training  programs.  Nevertheless,  S&C  training
based  on  explosiveness  reported  improvements  in  swimming
performance  in  this  age  group.  However,  conclusions  are  not
easy  to  draw  as  many  confounding  factors  seem  to  exist  in
the  available  investigations.
4.4.  Effects  of  S&C  on  starts  and  turns
performance
Starts  and  turns  are  explosive  actions  usually  associated  by
coaches  and  swimmers  with  the  strength  of  the  swimmer  or
to  dry-land  S&C  training,  despite  the  scarcity  of  scientiﬁc
evidence.  These  actions  in  swimming  require  high  values  of
power  output  [54,55].  Therefore,  explosiveness  is  usually
thought  of  as  the  main  aim  of  S&C  training  and  supports  the
greater  use  of  plyometric  S&C  training.  In  fact,  three  of  the
four  investigations  analyzed  the  use  of  plyometric  training
to  improve  starts  and  turns  performance  [9,13,26].  Positive
effects  of  plyometric  training  were  reported  in  two  studies
[9,13],  while  the  third  did  not  ﬁnd  a  positive  result  [26].
A  study  examined  the  effects  of  a  plyometric  training
program  on  freestyle  tumble  turns,  in  age  group  male  swim-
mers  [26].  The  subjects  performed  from  300  to  450  ground
contacts  per  session,  3  times  per  week,  over  twenty  weeks.
There  were  no  signiﬁcant  differences  between  experimental
and  control  groups,  for  any  measure.  Despite  the  adoption
of  low  to  moderate  intensities,  one  can  assume  that  over-
load  may  have  impaired  results.  Moreover,  the  control  group
performed  90  minutes  of  swimming  training  and  the  exper-
imental  group  performed  75  minutes,  adding  15  minutes  of
S&C  training.  Although  there  were  no  signiﬁcant  differences
between  the  experimental  and  control  group,  in  most  of  the
parameters  assessed,  improvements  (%)  in  the  control  group
were  higher  than  those  in  the  plyometric  group.  Moreover,
no  differences  in  turning  performance  were  found  between
swimmers  who  attended  fewer  S&C  sessions  (<  49%)  whenPlease  cite  this  article  in  press  as:  Amaro  NM,  et  al.  A  systema
on  swimming  performance.  Sci  sports  (2018),  https://doi.org/1
compared  to  those  who  attended  more  S&C  sessions  (>  75%).
This  raises  questions  over  the  efﬁciency  of  a  plyometric  pro-
gram,  in  early  ages,  and  indicates  that  swimming  training
seems  to  be  enough  to  improve  freestyle  turns.  Moreover,
i
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he  authors  claimed  that  some  maturational  and  growth
hanges  could  positively  inﬂuence  performance  [35,36],
ather  than  plyometric  training.
Plyometric  training  program  was  also  tested  with  regard
o  starts,  showing  some  positive  results  [9,13]. First,  an
nvestigation  aimed  to  identify  the  effect  of  plyometric
raining,  when  added  to  habitual  training  regimes,  on  swim
tart  performance  [9]. Signiﬁcant  improvements  were  found
etween  baseline  and  post-evaluations  for  plyometric  train-
ng  group  when  compared  to  the  control  group,  in  the  time
aken  to  reach  5.5  m  (−0.59  s  vs.  −0.21  s;  P  <  0.01)  and
elocity  of  take-off  to  water  contact  (0.19  ms−1 vs.  −0.07
s−1; P  <  0.01).  These  results  can  be  determinant  for  a
ace  performance;  however,  there  should  be  some  caution
n  assessing  these  effects  as  no  information  was  provided
egarding  maturation  level  or  even  the  sample’s  gender.
he  latter  investigation  mentioned  [27]  corroborated  these
ositive  results  [9], presenting  effects  of  the  maturational
tatus  (Tanner  stages  of  3  and  4)  and  ﬁnding  no  differ-
nces  between  groups.  Investigations  were  carried  out  over
ight  [9]  and  eleven  [27]  weeks,  with  total  volume  per
ession  higher  in  the  most  recent  one  [27]. Both  investiga-
ions  increased  the  intensity  from  low  to  high,  increased  the
eight,  from  0.22  to  0.79  m  [9],  and  from  0.21  to  1  m  [27],
nd  increased  the  number  of  jumps  per  session  from  37  to
92  [9], and  from  100  to  264  [27].
Improvements  reported  in  the  50  and  400  m  front-crawl
elocity  [27],  suggest  a  positive  inﬂuence  on  starts  and
urns  within  overall  swimming  performance.  This  positive
nﬂuence  was,  according  to  the  authors,  explained  by  the
igniﬁcant  correlation  between  improvements  in  Squat  Jump
SJ)  and  velocity  in  50  m  front-crawl.  As  SJ  mechanical  and
uscular  requirements  are  similar  to  those  of  starts,  the
uthors  concluded  that  improvements  in  swimming  veloc-
ty  were  due  to  this  phase  of  the  race.  Despite  this  idea  of
‘transferability’’,  there  were  no  speciﬁc  results  on  starts
nd  turns  of  the  swimmers.
Only  one  study  on  starts  was  focused  on  power  and  gen-
ral  strength  training  [25].  The  goal  was  to  improve  vertical
ump  ability,  on  the  grab,  swing  and  rear-weighted  track
tarts  in  swimming.  For  that  purpose,  16  exercises  were  per-
ormed  over  nine  weeks.  Vertical  jump  was  emphasized,  as
ell  as  upper  and  lower  body  strength  and  power  mainte-
ance.  The  training  program  consisted  of  higher  volumes
nd  intensities  in  the  ﬁrst  and  third  sessions  of  the  week
3  sessions  per  week).  Adjustments  were  made  every  three
eeks,  increasing  volume  and  intensity  on  the  ﬁrst  and  third
ession  and  decreasing  on  the  second  session  of  the  week,
ntil  nine  weeks  of  training  were  completed.  Despite  sig-
iﬁcant  improvements  in  dry-land  strength  (leg  power  and
umping  ability),  no  signiﬁcant  improvements  were  found  for
ight  distance  when  using  any  start  technique.  The  authors
uggested  that  improvements  in  jumping  ability  were  not
ransferred  to  diving  skills.  Information  on  the  periodization
f  different  moments  of  this  investigation  was  not  pro-
ided.  It  would  be  of  interest  to  know  whether  the  teaching
eriod  of  starts  or  the  starts  training  were  concurrent  or  not
o  the  S&C  program.  Nevertheless,  the  conclusions  of  thistic  review  on  dry-land  strength  and  conditioning  training
0.1016/j.scispo.2018.07.003
nvestigation  must  be  analyzed  with  caution  as  the  sample
omprised  non-swimmer  subjects.
Summarizing  the  evidence  of  S&C  training  on  starts  and
urns,  we  could  conclude  that  plyometric  training  is  the  most
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2  
ffective  in  improving  starts  and  turns.  S&C  training  rang-
ng  from  six  to  eight  weeks  and  with  2  sessions  per  week
s  suggested  to  improve  performance.  In  each  session  sub-
ects  are  allowed  to  perform  between  1  to  6  sets  and  1  to
0  repetitions,  according  to  the  chosen  level  of  intensity.
est  between  sets  should  vary  from  60  to  90  seconds.  This
raining  program  should  be  progressive,  starting  with  low
olumes  and  intensities  to  allow  swimmers  to  adapt  to  ply-
metric  training  speciﬁcities.  Moreover,  exercises  should  be
erformed  in  as  similar  a  way  as  possible  to  in-water  move-
ents.  It  would  be  of  interest  to  analyze  S&C  effects  in  older
nd  more  skilled  swimmers.  Transferability  of  S&C  gains  to
wimming  performance  remains  controversial.  Therefore,  it
ould  be  of  interest  to  compare  plyometric  training  to  other
ethods  of  S&C  training,  and  thus  analyze  the  efﬁciency  of
ifferent  methods.
. Conclusion
&C  training  in  swimming  is  a  common  practice  used  by
oaches  and  swimmers  to  enhance  performance  and  to  pre-
ent  injuries.  Nevertheless,  there  is  no  consensus  on  the
ffectiveness  of  S&C  programs  on  swimming  performance.
ome  limitations  were  found  in  the  literature  regarding
his  issue.  Most  investigations  involved  adolescent  and  adult
wimmers,  and  S&C  programs  with  prepubescent  swimmers
re  scarce  and  do  not  allow  for  valid  conclusions.  Younger
wimmers  should  participate  in  S&C  programs,  not  only  to
nhance  performance  but  also  to  build  a  solid  foundation
or  preventing  sports-related  injuries.  Moreover,  few  studies
eparated  the  samples  and  compared  the  gender  effect,  and
hose  that  did,  gave  no  clear  results.  With  regard  to  the  type
f  S&C  training,  maximal  strength  training  is  associated  with
wimming  performance  improvements  in  the  oldest  swim-
ers,  particularly  in  relation  to  short  distance  (25  and  50  m)
aces.  However,  it  is  questionable  whether  this  is  an  ade-
uate  methodology  to  apply  to  younger  swimmers  and  those
t  a  lower  competitive  level.  Weight  lifting  equipment  is  the
ost  used  training  tool  in  research,  nonetheless  we  must
e  aware  that  most  swimming  clubs  may  not  have  access
o  these  resources.  Additionally,  young  swimmers  may  not
ave  the  expertise  and  experience  to  use  this  equipment.
The  inﬂuence  of  force  exertion  cannot  be  determined,
s  there  were  few  investigations  analyzing  techniques  other
han  freestyle.  Likewise,  the  inﬂuence  of  S&C  in  swimming
istances  above  200  m  was  not  determined.  Only  one  inves-
igation  assessed  a  middle  distance  (400  m)  and  presented
ositive  results.
Based  on  this  review,  it  is  suggested  low-volume  S&C
raining  based  on  maximal  strength,  ranging  from  six  to
welve  weeks  of  2  to  4  (approximately  24  sessions)  sessions
er  week,  for  improving  swimmers’  performances.  In  each
ession,  coaches  should  vary  from  2  to  3  sets  and  with  3  to  5
epetitions,  according  to  prescribed  intensity.  Rest  intervals
hould  vary  between  2  to  5  minutes  and  the  intensity  should
ary  from  80  to  90%  of  1RM.
To  improve  starts  and  turns,  a  S&C  training  ranging  fromPlease  cite  this  article  in  press  as:  Amaro  NM,  et  al.  A  systema
on  swimming  performance.  Sci  sports  (2018),  https://doi.org/
ix  to  eight  weeks  and  with  2  sessions  per  week  is  sug-
ested.  In  each  session,  swimmers  should  perform  between
 to  6  sets  and  1  to  10  repetitions,  according  to  the  cho-
en  level  of  intensity.  Rest  between  sets  should  vary  from  60 PRESS
N.M.  Amaro  et  al.
o  90  seconds.  Volume  should  be  progressive,  such  as  raising
ntensity  from  low  to  high  within  the  S&C  training  program.
t  is  recommended  to  start  with  low  volumes  and  intensities
o  allow  swimmers  to  adapt  to  plyometric  training  speciﬁci-
ies.  Only  recommendations  for  adolescent  swimmers  were
iven,  since  no  studies  with  older  swimmers  were  included
n  this  review.
Although  there  is  a  lack  of  coherent  scientiﬁc  evidence,
&C  training  remains  a  commonly  prescribed  swimming
ractice.  So,  it  seems  fair  to  argue  that  further  investi-
ations  should  be  carried  out.  To  control  for  some  gaps  in
rotocols  and  to  enable  the  generalizability  of  conclusions,
andomized  controlled  trials  (RCT)  should  be  conducted.
uture  investigations  should  explore  the  following  topics:
 differences  in  S&C  training  effects  induced  by  age  and
gender;
 effects  of  S&C  training  in  relation  to  different  swimming
techniques;
 effects  of  S&C  training  in  middle  and  long  swimming  dis-
tances;
 effects  of  S&C  training  experimental  periods  over  a  sea-
son,  to  evaluate  long-term  effects;
 effects  of  a  swimming  adaption  period  after  S&C  cessation
to  allow  transferability  of  strength  gains  to  swimming.
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